In this paper, effects of irrelevant background speech and speech-simulating noise on working memory were investigated. In two experiments which were carried out in Germany and Japan using the same procedure, with totally 12 volunteers serving as subjects,-we tested the long-term effects of habituation to the background sound by repeating the experimental sessions three times with intervals of about one week. Using a serial recall task it could be shown that natural background speech impaired significantly the performance. This result is corresponding with former results found by other researchers. Speechsimulating noise, however, did not reveal any effects. The reasons for this lack of effects are discussed. Most important, however, is the finding that there is clearly no effect of habituation to the background speech. While the over-all performance is improved by repeating the experimental sessions, the effects of the experimental background sounds are stable. This result is interpreted in terms of an information-processing approach to the orienting reflex theory. The practical implications of the results are discussed as well.
INTRODUCTION
Many researchers have investigated the effects of very loud noise on human performance. In most of these experiments broadband noise was used to study its effects on physiological arousal and behavior. The results, however, are equivocal. The influence of such noise on performance seems to depend on many factors, such as the task itself, time of day, gender, strategies, context effects and among others (e.g. Baker, Holding, and Loeb, 1984 ; for a review cf. Smith and Jones, 1992) . Such effects were found at intensities in excess of 80 dB SPL or more, typically above 90 dB. Recently, however, reliable effects of noise on performance have been demonstrated at moderate sound pressure levels.
These effects emerged in studies investigating deleterious effects of background speech. Speech presented in the background, which subjects are instructed to ignore significantly impairs the immediate serial recall of visually presented verbal items. This phenomenon is called the "irrelevant speech effect" (ISE)(cf. Jones and Morris, 1992) .
The first to report this effect were Colle and Welsh (1976) . They found that background speech, even when spoken in a foreign language that subjects do not understand significantly impairs performance in a verbal short-term memory task. Further extensive investigation was undertaken by Salame and Baddeley in a series of experiments published between 1982 and 1989 (see reference list). They called , the effect "unattended speech effect," while other researchers used the term "distracting speech" (see Jones and Morris, 1992) . Both terms, however, seem to suffer from the disadvantage that they prejudge the role of cognitive processes in coping with such noise impact. Accordingly a more neutral term "irrelevant speech effect" was proposed (cf. Jones and Morris, 1992) , which has been widely accepted.
What is known about the ISE? First it has been shown that the effect really occurs in memory and not on the perceptual encoding level . That is, memory is disrupted not at the time of item registration but within the memory system itself, possibly during rehearsal. Second, for the most part the irrelevant speech effects have only been found in serial recall tasks (see however LeCompte, 1994) in which typically, the subject is visually presented with a series of 7 or 9 items, such as consonants or digits, and has to recall the items in the presented order . Third, the effect is independent of the meaning of speech, since it is found with foreign speech as well as with native speech and speech with a reversed playback (Jones, Miles, and Page, 1990; Klatte, Kilcher, and Hellbruck, 1995) . Furthermore, the effect does not depend on the intensity of speech, at least in a range between 40 and 76 dB(A) (Colle, 1980; Ellermeier and Hellbriick, in preparation) .
Although the ISE is well-investigated at the empirical level, on the theoretical level many questions remain open. Most of the results, especially those of Salame and Baddeley, have been interpreted in the frame of the Baddeley and Hitch model of working memory (Baddeley and Hitch, 1974 ; see also Baddeley, 1986 Baddeley, , 1990 . Within this framework the ISE is the result of privileged access by speech to the working memory system while non-speech sounds are excluded. This assumption is based on some aspects of Patterson's spiral detection model of a human recognizing system of periodical sounds (Patterson, 1986; Salame and Baddeley, 1989) . Although the hypothesis of privileged access of speech is consistent with theories postulating a spectral processing system for speech, some scepticism, however, may be expressed about this hypothesis. Even theories of categorical perception of speech are much debated. Speech perception might be a special output of a more general auditory processing system for analyzing complex temporal changes in sound (for a broad discussion of categorical speech perception cf. Handel, 1989; Sawusch and Gagnon, 1995) . In more recent theories temporal processing is considered as fundamental for speech processing and language function. There is growing evidence that the left brain-hemisphere is specialized for processing of rapid and complex auditory changes which includes auditory communication but is not limited to that (Fitch and Tallal, 1995) .
Moreover, certain background sounds which are not speech-like in nature have the capacity to impair immediate serial recall. Jones and colleagues as well as Hellbruck and colleagues (see reference list) found that non-speech sounds such as music and random sequences of pure tones, can cause detrimental effects as well, provided the auditory stream is clearly segmented. This segmentation usually takes the form of sharp energy transitions marking single "events" or "objects" within the stream . For example, babble speech (that is a mixture of several superimposed voices) has significant less effect on the error rate in a serial recall task than narrative speech spoken by a single speaker. It seems likely that this is due to the fact that voices in babble noise overlap thus filling in the gaps in inividual speech sequences, and consequently attenuating the segmentation. A further compelling example is provided by the fact that music containing extensive legato passages shows less effects than staccato music (Klatte and Hellbruck, 1993; Hellbruck, 1994 Hellbruck, , 1995 , and humming is less disturbing than singing the same song (Morris, Quayle, and Jones, 1989; Klatte, Kilcher, and Hellbruck, 1995) . Taken together these findings were instrumental in shaping a different theoretical interpretation of the ISE.
According to the O-OER (Object-Oriented Episodic Record) model of Jones (1993) the detrimental effects of background speech and certain non-speech sounds on serial recall are explained by an interference between two segmented streams, one consisting of deliberately rehearsed items and one of automatically formed segmented auditory streams (for details see Jones, 1993; Jones, Macken, and Murray, 1993) . Summarizing all experimental findings we have to state, there is no convincing evidence that this effect is speech-specific. Therefore, according to Jones and co-workers the term "irrelevant speech effect" should be substituted by the more appropriate term, "changing -state-effect ."
That the effect is not confined to speech has repercussions for a wider range of work settings. In particular, workplaces with a high burden of verbally processed mental work and permanent background speech or background music, such as openplan offices, deserve consideration Grandjean, 1973 Nemecek and Turrian, 1978) . Often, however, workers do not feel disturbed very much by background sound. Therefore it seems likely that a person who works for any appreciable time in the same situation (performing the same task and exposed to the same acoustical background) will become immune to the disruptive effects of irrelevant speech. Moreover, with increasing repetitions one becomes more practiced in the task and more experienced in the whole situation. Two independent factors may be at work, familiarity with the task and familiarity with the noise. However, it could be shown that subjects who were well-trained in performing the task under quiet conditions revealed irrelevant speech effects as well as untrained subjects. Even subjects with mean error rates of less than 20% showed clear irrelevant speech effects (Klatte and Hellbruck, 1993) . It is, however, not clear whether practice and familiarity with the acoustic background have combined influences on the irrelevant speech effect. Either factor may contribute to an attenuated irrelevant speech effect.
A decline in the tendency to respond to stimuli due to repeated exposure is called habituation. There are two types of habituation, short-term habituation and long-term habituation. Speaking in operational terms, short-term habituation is manifested in within-session comparisons, and longterm habituation in performance changes between sessions (e.g. Ohman, 1979) .
In a within-session habituation experiment, Morris and were able to show that habituation to the acoustic background does occur. Their experiments consisted of three phases, a baseline phase with an initial test, a 20 minutes habituation phase in which the subject was passively sitting while being exposed to speech, and a final test phase in which subjects' performance in irrelevant speech was again assessed. Exposure to any kind of speech during the habituation phase significantly reduced the ISE. This is of theoretical interest, because we may regard the filter system which allows speech sounds to enter the phonological store as adaptive. According to the experimental results, this filter seems really to be able to attenuate the entry of irrelevant speech within a relatively short time. However, what is known about long-term habituation effects in the ISE? The answer to this question should be given by the following experiment.
In the experiment reported here we investigate long-term habituation by repeating a typical irrelevant speech-experiment three times with the same subjects. As a function of time, we expect a reduced overall error rate, due to practice, and, furthermore, a reduced ISE, provided long-term habituation will occur while subjects are performing mental work. If there is no habituation, then the ISE should remain constant at all practice levels, though overall performance improves.
It so happened that the experiment was carried out at two places, (1) with German subjects at the University of Eichstatt, and (2) with Japanese subjects at the University of Osaka while the first author was holding a guest professorship at Osaka University. Carrying out two independent experiments in different laboratory settings gives us a chance to test the stability of the results.
EXPERIMENT

Subjects
Totally, 12 volunteers served as subjects in our experiments. Four female and 2 male students and employees of the University of Eichstatt, aged between 21 and 28, on the one hand and 4 female and 2 male Japanese employees of the University of Osaka, at an age of 25 to 46, on the other hand participated in the experiment. All subjects reported normal hearing and vision. None had previously experienced such an experiment.
Material
Subjects were presented with three blocks of trials, consisting of 20 sequences containing the digits 1 to 9. In each trial digits were presented in the center of a TOSHIBA Laptop LCD-monitor in a random order, without replacement. One digit at a time was presented. The digits were exposed for 750ms, with an interstimulus intervall of 250ms. Immediately after the presentation of the last digit of a sequence the subject was instructed to write down the digits in the order as they were presented. After 13s the next sequence was presented. In the middle of each block, after the tenth sequence subjects were given a 10s break. A pause of 3min followed a block. Then the next block of sequences started. In the German as well as in the Japanese laboratory the same computer equipment and software were used.
Each block was performed under one of three sound conditions: one was a quiet control condition, another was a male speaker reading a narrative text in a rhythmically constant way. In the German experiment we used a Japanese text, and in the Japanese experiment a German text. None of the subjects understood the respective foreign language. The third sound condition was a broadband noise having temporal characteristics that resembled speech. This speech-simulating noise was created by Fastl (1987; recorded on the WESTRA CD #11). The spectral distribution and the temporal envelope fluctuation of that noise correspond, on the average, to those of fluent speech. The fluctuation of the envelope reflects the sensitivity of the hearing system to different frequency fluctuations. The psychoacoustical parameter, fluctuation strength, is about 4 Hz. This matches the typical syllable rate in fluent speech. In the following this noise is referred to as "Fastl Noise."
In the German laboratory the sounds were played back from a DAT-player via one D YNA UDIO loudspeaker. The spoken text presented in the background was a scientific text read in Japanese by a male native speaker. The sound pressure level measured at the head of the subject was about Leq= 55dB(A). The experiment was conducted in a quiet but not sound-proof room. The ambient noise in the room was about Leq=36dB(A).
The Japanese subjects were exposed to a German text, also spoken by a male speaker. Intonation was rather constant. The text was an excerpt from letters of the German novellist Georg Buchner, read by the German actor Helmut Griem (TELDEC CD, 1988) . The sounds were presented from a DATplayer via one BOSE-loudspeaker with about Leq= 53dB(A). The ambient noise in the sound-proof room, however, was less than 30dB(A).
Experimental Design and Procedure
The experiment was carried out in a withinsubject design. Each subject was presented with a different order of the sound conditions (latin square design). Each subject repeated the experiment three times with intervals of about one week. In each repetition the sequence of the sounds was systematically varied.
The subjects were explicitly instructed to ignore the background sound. They were also instructed to write down the recalled items always starting with the first, proceeding in serial order, and to guess those items they could not exactly remember. At the beginning of each experimental session there was a warming-up of 9 trials.
Results
The responses of the subjects were scored strictly regarding the serial order. A digit recalled but not written down at the correct position was scored as error. An analysis of variance (ANOVA) with one between-subjects factor (German vs Japanese subjects), and three within-subject factors (noise, session number and serial position) was conducted.
The central questions concern the effects of noise and of session number, and the interaction between these two factors. A secondary question relates to the grouping factor to explore how stable the findings on noise and session effects are.
The ANOVA revealed significant main effects of sound conditions (F(2, 20)=13.98; p<0.001), session (F(2, 20)=18.85; p<0.0002), and the serial Fig. 1 Effects of background noise on the immediate serial recall with regard to the serial positions of the items. "Speech" means fluent speech in a foreign language which could not be understood by the subjects. "Fastl Noise" is a speech simulating broadband noise which resembles the typical frequency distribution and temporal fluctuation of fluent speech (see also text).
1 All within -factor probabilities are adjusted using the Greenhouse-Geisser epsilon. Figure 1 shows the influence of the three sound conditions on the mean error rate as a function of serial position, and Fig. 2 depicts the influence of the three sessions. As one can clearly see in Fig. 1 , averaged over all three sessions, the effect of speech is clear-cut while the Fastl Noise is not worse than the quiet condition.
The differences between the first and second sessi-on are marked. In the second session the subjects reduced the error rate by the half compared to the first session. Compared to this improvement the differences between the second and the third session are small. The difference between the Japanese and the German group is not significant (F(1,10)=1.75; p=0.22), though the overall mean differences are Fig. 3 The effect of session number in the three background noise conditions. The error rates are averaged across the serial positions. 
DISCUSSION
From our results we can draw the conclusion that the subjects do not reach their optimal level of performance in the first session. Compared to the second and third session we may consider the subjects as unpracticed in the first session. More than two sessions, however, do not seem to enhance performance further. Most important, however, is the lack of interaction effects between sound impact and practice. We expected less of a noise effect when the subjects are practiced and habituated to the background noise. This is obviously not the case. The noise effect is qualitatively the same in all three sessions. This result is confirmed by the finding that in both groups, German as well as Japanese, the same effect appeared. Of course, the small number of subjects in each group does not allow to draw any further conclusions. It seems, however, to be obvious that the result is a robust one, not sensitive to circumstances such as different laboratory settings.
It is also important to state that within a block of trials habituation did not occur. After an initial adaptive phase the time functions of the error rates seem to be stable. Moreover, throughout whole course of the 20 trials the difference between speech and the two other conditions does not change systematically. This provides further evidence that short-term habituation does not occur unless subjects can habituate to noise without performing mental tasks as was demonstrated in the experiment of Morris and Jones (1990) .
Is there a theoretical reason why long-term as well as short-term habituation did not occur in the irrelevant speech experiments?
In order to answer this question hypothetically, we first have to ask what the term "habituation" means in general. Basically, the orienting response (Sokolov, 1963 ) is viewed as a mechanism underlying reflexive attention. In Sokolov's terms the orienting response is triggered by a mismatch between the stimulus input and a "neural model." Roughly speaking, habituation occurs when a new neural model is built and stored in memory. When sensory input matches the mental model at a preattentive stage no orienting reflex is elicited. The question arises, however, how to create a mental model of a new stimulus situation. More recent theories in which the orienting response is theoretically embedded in an information-processing approach postulate that habituation, and even more so long-term habituation, needs information processing capacity (Ohman, 1979) . From such theoretical concepts we could reason that in the usual irrelevant speech experiment as well in the common daily working situation habituation to background speech is not possible when the central information-processing channel is occupied by mental work. In the experiment of Morris and Jones (1990) , however, habituation could occur because in the habituation period the subjects were merely exposed to speech without performing any specific mental activities. Thus, information-processing capacity was available for habituation.
Turning to the practical implications of our results we must say, that based on these findings there is no hope that people could adapt to noise like irrelevant speech. Practice in performing the task combined with familiarity with the whole situation does not reduce the noise-induced error rate relative to performance in the quiet. (Walsh and Diehl, 1991) .
There is, however, not much evidence that the effect is due to the phonemes, nor, generally speaking, can we say that the effect is speech-specific.
We have already outlined the evidence against the speech-specificity hypothesis in the introduction.
Thus, we assume on the basis of other findings that the temporal structure of the acoustic background sound is mainly responsible for the detrimental effects.
In the Fastl Noise, however, interrupts and significant marks are missing so that such a noise may not exhibit the segmented structure that has been shown to be essential for irrelevant speech effects to occur. 1985, 1988, 1990, 1993 and 1995 
